There are strong indicators for a new mobile revolution -Autonomous Cars are becoming part of our mobility system. Following the goals of accident free driving, zero emission and sustainable individual mobility, it turns out that automated driving has a tremendous potential to make all this possible. Thus, step-by-step driving tasks will be supported or even fully taken over by intelligent IT systems.
Fortunately, in many countries road causalities are declining. Nevertheless, the worldwide increasing amount of cars, accidents, and traffic jams are high motivators for increasing safety and comfort of our transportation system. Furthermore, there are other strong arguments for the continued development of autonomous driving functions, like providing more mobility options for handicapped and elderly people who are unable to operate a vehicle on their own or due to physical impairments. In the context of e-mobility, support by high automation is mandatory to leverage the full efficiency potential. Autonomous parking and charging is maybe one of the biggest enabler of new ecar -sharing concepts. Special attention deserve also the productivity and flexibility improvements but also potentially new business models, e. g. in logistics, transportation or mobility in cities or smart regions.
Moreover, current visions of future driving propose that "the car is growing beyond its role as a mere means of transport and will ultimately become a mobile living space" (Dieter Zetsche, www.mercedes-benz.com) imposing also the next digital playground.
But besides all this high social and economic potential, what, actually, is autonomous driving, which ITtechnologies are needed to make autonomous cars become reality and which technical challenges are open?
One approach to answer these questions is starting from the point of view of the automation level of vehicles. In Germany, the Federal Highway Research Institute (BASt) has defined a categorization of automation levels, while in the USA, the Society of Automotive Engineers *Corresponding author: J. Marius Zöllner, FZI Forschungszentrum Informatik, Karlsruhe, e-mail: zoellner@fzi.de Thomas Schamm: FZI Forschungszentrum Informatik, Karlsruhe (SAE) and the National Highway Traffic Safety Administration (NHTSA) have published slightly different versions. All definitions and their related use cases share the requirement that an automated vehicle has to be able especially to transfer itself into a safe state or to maintain such a state, which heavily relies on the driving situation and the involvement of a human driver. The recognition of the current state, the supervision but also the detection of system faults or degradation of performance and the appropriate reaction to this are crucial features for the IT system. Obviously, the term "safe state" is of fundamental importance. But what is a safe state if, for instance, a vehicle is driving fully automated on the highway with 130 kph?
The term "safe state" lacks a precise definition. In their paper, Andreas Reschka and Markus Maurer (TU Braunschweig) derive several conditions, which are important for the discussion of a safe state for automated road vehicles. From an engineering view, based on the classification of automation levels, different concepts and current research approaches are analyzed and a generic definition with conditions for a safe state is proposed. Relations between risk and safety for passengers and other traffic participants are considered. Use cases for automated vehicles and events with impact on safety are discussed to identify conditions for a safe state in public traffic, which have to be fulfilled to keep the risk of operating automated vehicles below a reasonable level.
Another approach is to analyze how automated driving, starting from use cases, is affected by common but also unforeseen driving situations. As a result, new technical challenges for the sensors, the algorithms and the actuators as well as for the E/E-architecture of future vehicles can be identified. In their paper, Oliver Pink, Jan Becker and Sören Kammel provide an overview of Bosch's development of highly automated driving systems. They nicely illustrate use cases of automated driving and especially challenging situations and outline impacts on system design, key IT technologies, and technical realizations. The paper also shows, by examples, how certain aspects of the system design as well as their implementations are country and use-case specific. The authors come to the conclusion that automated driving will be introduced stepwise starting in highway scenarios like the Traffic Jam Pilot.
The special focus on vision-based autonomous driving in mixed-traffic scenarios, where automated and humanoperated cars but also pedestrians share the traffic space and interact with each other, is addressed in the paper of Ulrich Schwesinger, Pietro Versari, Alberto Broggi and Roland Siegwart (ETH Zürich, University Parma). For applications of low-speed autonomous driving especially in restricted areas such as parking lots, low-cost sensors like vision sensors that are already available in series cars could lower the consumer price for the additional autonomous navigation functionality and, in the end, lead to a higher customer acceptance of such systems. Navigation nevertheless requires a broad spectrum of robotic ITdisciplines such as localization, perception, classification, tracking and motion planning to perform actions safely and reliably. The authors present an overview of the online planning and the dynamic perception and processing chain necessary to implement autonomy, which has been developed in the European project V-Charge -Automated Valet Parking and Charging for e-Mobility. Based on both simulation and real-world experiments, they investigate the performance of this vision-only autonomous vehicle concluding that it still remains challenging. They propose interaction-awareness of autonomous cars as one of the future challenges to be addressed.
Along with the development of technological innovations for automated driving, the need for validation of functionality and software-based components rises. Since real world driving safety evaluations are economically not feasible, other approaches are of crucial importance. In their paper, Peng Cao, Walther Wachenfeld and Hermann Winner (TU Darmstadt) are discussing current simulationbased validation methods, showing the high demand of novel approaches for valid simulation models. Focusing on perception sensors, they introduce the so-called "grey box modelling" concept as a highly efficient and realistic modelling of beam-based sensors. In this context grey box means that the simulation model does not have to take into consideration the detailed physical phenomena and every electronic component or the component structure inside the sensor ("white box modelling"), but should be able to describe the behaviour and the outcome of the sensors for different driving situations. For this, a generalized sensor structure and a simplified model of sensor response, wave propagation, and the environment are proposed. The core idea is described in detail and illustrated by examples with currently existing modelling techniques. It represents a first approach towards a necessary trade-off in sensor simulation, fulfilling both the requirements on high fidelity and acceptable computing efforts. The authors also show the potential roadmap of further developments of this concept. Thus, such models are likely to be more suitable for real time SiL/HiL tests than white or black box models.
Addressing technological aspects and future challenges on the way towards highly automated and autonomous driving from different view points, the four papers give an insight into the wide area of information technologies needed to make this goal become reality. 
